Introduction
Ejaculation during copulation initiates a cascade of cellular and molecular events required for pregnancy. Accumulating evi¬ dence implicates a 'priming' role for specific uterotrophic factors in seminal fluid. In rodents, seminal fluid infused into the uterus at oestrus incites a marked local inflammatory response, characterized by extensive infiltration of activated neutrophils, eosinophils and macrophages into the endometrial stroma and lumen (De et al, 1991; Kachkache et al, 1991; McMaster et al, 1992) . This inflammatory response subsides by day 3 of pregnancy in response to a progesterone-induced shift in the local cytokine milieu (Kachkache et al, 1991) , which appears to be accompanied by a transition in local macrophages to an 'immunosuppressive' phenotype, conducive to the implanta¬ tion and development of the semi-allogeneic embryo (Hunt et al, 1984) .
The inflammatory reaction after mating is preceded by a transient, 20-fold increase in the content of the lymphohaemopoietic cytokine granulocyte-macrophage colony-stimulating factor (GM-CSF) in luminal fluid. This increase occurs within 12 h after mating and is induced by seminal factors acting on the oestrogen-primed epithelium (Robertson and Seamark, 1990; . Accumulation of GM-CSF bioactivity at the epithelial surface is implicated as a key intermediary in the local recruitment and activation of inflam¬ matory leucocytes, as the introduction of equivalent amounts of recombinant GM-CSF into the uterine lumen of an ovariec¬ tomized mouse is sufficient to cause an infiltration of macro¬ phages, neutrophils and eosinophils, indistinguishable from that seen on day 1 of pregnancy (Robertson el al, 1994) and the inflammatory response after mating is diminished in GM-CSF deficient transgenic mice (S. Robertson, unpublished (Hogan el al, 1986) , and seminal vesicles were removed through a transverse incision in the abdomen after ligation and severing of the proximal tubule at the base of the gland. The body wall and skin were sutured and the mice were allowed to recover for at least 2 weeks before mating.
Reagents and media
Media used for cell line and primary cell culture were RPMI-1640 or DMEM (Gibco, Grand Island, NY) supple¬ mented with 20 mmol Hepes~J (Sigma), 10% (v/v) Robertson and Seamark (1990 (Duhrsen, 1988) as described by Robertson and Seamark (1990 (Robertson and Seamark, 1990 ) of a procedure described originally by Sherman (1978) . Monolayers resulting from these preparations are composed of approximately 70% epithelial cells, 25% stromal fibroblasts and 3-5% leucocytes In the uterus of mice at oestrus, F4/80 + macrophages were distributed throughout the endometrial stroma, with endogen¬ ous peroxidase-positive eosinophils accumulated predomi¬ nantly at the endometrial-myometrial junction and also scattered throughout the endometrial stroma (Fig. 4) . The dynamics of the inflammatory response after mating in mice mated with intact or vasectomized males were similar to those reported previously by others (De et al, 1991; Kachkache et al, 1991; McMaster et al, 1992) , with mating causing a significant increase in the density of macrophages within the endometrial stroma immediately subjacent to the luminal surface ( . GM-CSF output from endometrial cells was significantly enhanced (7.6 ± 0.2 fold increase) in cultures exposed to seminal vesicle fluid compared with control cul¬ tures, whereas inclusion of fluids from the coagulating or prostate glands or epididymis had no significant effect (Fig. 6) Robertson et al, 1995; Lee et al, 1989) . The present study identifies a high molecular mass, proteinaceous component of Barratt et al, 1990) has been described in rats and mice (Austin, 1957 (Austin, , 1975 , and a comparable leucocytic response occurs in the cervix in other species including humans (Moyer et al, 1970; Pandya and Cohen, 1985) and rabbits (Phillips and Mahler, 1975; Tyler, 1977) where semen is deposited in the vagina. These leucocytes have been judged, on the basis of their morphology, to be mainly neutrophils with small numbers of macrophages and lymphocytes, and this has been confirmed with specific mAbs in women (Thompson et al, 1992) . Copulation is also associated with an effusion of immunoglobulin into the cervix or uterine luminal cavity which mediates the opsonization and subsequent phagocytosis of the vast majority of spermatozoa (reviewed by Cohen, 1984) . In rabbits and humans, studies involving mating with vasect¬ omized males or application of seminal plasma to the cervix suggest that spermatozoa are necessary for eliciting these responses (Tyler, 1977; Pandya and Cohen, 1985; Thompson et al, 1992) .
In the present study, it was found that the plasma rather than the sperm component of semen evoked the inflammatory response after mating and 'leucocytic cell reaction' in mice. In females mated with vasectomized males, the release of (Matzinger 1994 Robertson, unpublished) . Other studies in rodents show that although pregnancy can be initiated and may proceed in the absence of seminal plasma (Blandau, 1945) , seminal vesicle deficiency in males severely restricts their fertility (Pang el al, 1979; Queen et al, 1981 figure. were removed (Pang et al, 1979) (Cohen, 1984 (Thaler, 1989) , since significant changes in the cellularity of lymph nodes draining the uterus occur during the pre-implantation period of pregnancy (Beer and Billingham, 1974; Clarke, 1984) . The nature and extent of immune responses in mucosal sites is highly responsive to the cytokine microenvironment (Husband et al, 1994) , presumably through influences on the phenotype of local antigen-presenting cells. (Wegmann et al, 1993) or T-cell tolerance to paternal major histocompatibility antigens (Tafuri et al, 1995) . Indeed, support for the postulate that seminal plasma has a role in attenuating the immune response to spermatozoa in mice was provided by Beer and Billingham (1974) , with an intact ejaculate eliciting hypertrophy of draining lymph nodes but not the trans¬ plantation immunity seen after sensitization by intrauterine inoculation of washed spermatozoa.
The extent to which these findings may be related to reproductive success in humans is unknown. Human uterine epithelial cells synthesize many of the same cytokines made in rodent uteri, including GM-CSF (Giacomini et al, 1995; Robertson et al, 1995 (Marti and Herrmann, 1977; Need et al, 1983; Serhal and Craft, 1987) , which is now being re-examined following recent claims that the incidence of both pregnancyinduced hypertension and pre-eclampsia are inversely corre¬ lated with the length of sexual cohabitation before conception (Robillard et al, 1995) , except when barrier forms of contraception are used (Klonoff-Cohen et al, 1989 (Marconi et al, 1989) and by in vitro fertilization (IVF), possibly through an effect on the endometrium (Bellinge et al, 1986) . The relative importance of spermatozoa and seminal plasma in achieving these effects has not been investigated, but the finding that insemination with 'split' ejaculates, which are deficient in vesicular secretions, does not benefit patients undergoing IVF (Fischel et al, 1989) 
